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Aqueous two-phase polymer systems for partitioning biological materials were introduced more than two decades ago (1, and references therein). Purification of cells, organelles, and macromolecules using these systems has gained wide acceptance. The most commonly used system is formed when polyethylene glycol and dextran are dissolved in water. Above certain critical concentrations (4) , an upper PEG2-rich phase and a lower DEX-rich phase separate. Biological materials fractionate into one of these phases or collect at the interface depending on density and on hydrophobic and/or electrical properties of the particles. Ions enhance electrical phenomena. Some ions (e.g. HP042-) distribute asymmetrically between the phases (6) creating a modest potential (e.g. 7) . In 1973, Kanai and Edwards (8) Exact experimental formulations appear in Table I . All solutions were temperature-equilibrated for at least 10 h before ' determinations. The same solutions of MAN, PEG, and DEX were used throughout. Fresh solutions of PEG/DEX±MAN were used at each temperature.
Measurements. Filter paper discs were immersed in MAN, PEG, DEX or the upper phase of the PEG/DEX±MAN. Each disc was placed in a Wescor C-52 thermocouple hygrometer sample chamber. The chambers rested on a 54 x 54 x 2 cm aluminum plate, which dampened modest temperature fluctuations in the growth cabinet housing the equipment. Measurements were taken only when the zero offset voltage was not significantly different from zero (13) . Replicate voltage readings of duplicate samples were made until readings stabilized using a Wescor HR 33 DewPoint microvoltmeter in dew point mode. Sample chambers were individually calibrated with NaCl, using Lang's coefficients (10) .
Modeling. Published information and data inspection were used to construct provisional models. Each model was tested with the appropriate data using the GLM procedure of SAS. This computer program provided predicted values, 95% CL, r2, estimates of parameter coefficients, sE, and plots ofresiduals versus parameters. Models were refined by excluding parameters whose coefficients were not significantly different from zero and reanalyzing.
A few individual determinations were aberrant. Those considered likely to introduce bias were deleted (Figs. [1] [2] [3] .
Refined of MAN (Fig. 1 ) averaged within 0.3 bar of those predicted by the empirically generated equation (Table II) The following equation may be written for MAN, a nearly ideal solute (12) . (Fig. 2) averaged barely more than 0.2 bar different from those predicted by the empirically generated equation (Table II) (Fig. 3) averaged within 0.3 bar of those predicted by the empirically generated equation (Table Il) (6) No effect of temperature was detected, eliminating the T parameter from Eq. 6. Both methods of analysis yielded nearly the same coefficients (Table II) .
PEG/DEX±MAN. Separation into two phases did not occur at the lowest PEG/DEX concentration used (Table I) (Table I) . (Table I) by the empirically generated equation (Table III) Table II Multiple Solute Solutions. The main purpose of this study was to provide a practical guide for investigators. We have measured I over the relevant temperature and concentration ranges. Our predicted values agree closely with experimental values (Table I) . We conclude that Eq. 7 can be used to calculate the MAN amendment required to establish the desired I of the biphasic purification solutions described within the following limits of range and accuracy: -3.6 ± 0.3 and -22.0 ± 0.8 bars (Table III) . These agree closely with the predictions for single solute solutions. [PEG] . If the effects of PEG and DEX were strictly additive, *pw, (Eq. 5) plus IDEX (Eq. 6) should equal the sum of terms 5 through 8 of Eq. 7. They do not (Fig. 4) (Fig. 1) . Thus, except within the range of [PEG] = 0.10 to 0.14 g/g H20, Figure 4 represents slight extrapolation beyond measured values, which may not be warranted. At the higher concentrations, where biphasic solutions exist, PEG and DEX do interact synergistically; at the lower concentrations, where only single-phase solutions exist, their effects appear to be essentially additive. Our data permit only speculation that synergism begins at the critical concentration for separation into two phases. If it does, there may be a slight disjunction that our data were not sufficiently accurate to detect.
Interaction between MAN and PEG/DEX is represented by terms 2 through 4 of Eq. 7. This interaction is synergistic (Fig. 5) . The synergism is mathematically indicated to be proportional to [MAN] ; is linearly related to T, with negative slope; varies quadratically with [PEG] ; and, relative to [PEG] , is greatest at low
Our results indicated i is unaffected by temperature at certain PEG/DEX and MAN combinations. It was possible to show this and to deduce useful relationships in the following way. After setting the sum of all T-containing terms in Eq. 7 equal to zero and dividing by T The reasons for insensitivity to temperature change may be summarized mathematically in terms of Eq. 7. As Tincreases, the decreasing (more negative) *mAN (Eq. 7, terms 9 and 10) is partially offset by the slight increase in *PBG/Drx (Eq. 7, terms 5-8). Additional offsetting results from reduction in synergism between MAN and PEG/DEX (Eq. 7, terms 24). Table IV illustrates these relationships. The compensations involved permit considerable latitude around particular concentrations for solutions to possess I relatively insensitive to temperature change.
